Bovine tropical theileriosis (Theileria annulata infection) is of great economic impor tance to several countries of Asia and Africa where millions of cattle are at risk of exposure to this disease. The authors describe symptoms, sequence of appearance of the parasite and pathology of the infection by three virulent strains of the parasite in fully susceptible calves.
Introduction
India has undertaken large-scale programme of upgrading its low yielding indi genous zebu cattle (Bos indicus) by cross-breeding them with the high yielding Euro pean breeds of cattle (Bos taurus) for increasing milk production. Similar pro grammes are afoot in many countries of Asia and Middle East (Adler, 1952; El-Refaii, 1976; Hooshmand-Rad, 1974 Siddiqui, 1976) . Millions of cattle are at risk of exposure to theileriosis in these countries. The disease is posing great threat to the success of their cross-breeding programmes as the exotic and cross-bred cattle are highly susceptible to tropical theileriosis (Theileria annulata infection). The disease may cause up to 80 % mortality and it will be several weeks before the survivors return to the normal production level. Sen and Srinivasan (1937) described symptoms and lesions of T. annulata infect ion produced by inoculation of infective blood into susceptible cattle. Principle symptoms noted were: fever, enlargement of lymph glands, anaemia, icterus and petechiae on visible mucous membranes. The most constant post-mortem findings were: thin and watery condition of blood, oedema of lymph glands and spleen, petechiae on serous membranes and respiratory tract and ulcers in abomasum.
The accounts of microscopic pathology of T. annulata infection are scanty. Sergent et al. (1945) briefly described lesions as congestion and haemorrhages in all organs especially liver, spleen and lymph glands and hyperplasia of lymphoid tissue in spleen, lymph glands, liver and kidneys. Prasad et al. (1970) have des cribed infiltration by lymphocytes in the periportal areas of liver, at perivascular and peribronchiolar sites, around glomeruli and in tubules in kidneys and hyper plasia or depletion of lymphocytic cells in lymph glands.
The present authors describe the sequence of symptoms and appearance of the parasite, and macroscopic and microscopic pathology of the infection produced experimentally by the bite of infective ticks.
Materials and Methods
The experimental animals were cross-bred calves (Red Danish X Sahiwal or Tharparkar, or Holstein-Friesian X Sahiwal or Tharparkar), raised in tick-proof rooms from the time of birth. The animals were two to six months old when infected.
The infections were initiated by the bite of one to 30 infective ticks -Hyalomma dromedarii, H. anatolicum anatolicum and H. detritum released on an ear and a cloth bag tied around it. Three strains of T. annulata, one from Hissar (Gill et al., 1974) and one each from Amritsar and Ludhiana, respectively isolated from clinical cases of the disease and which caused up to 75 % mortality were used. The animals were observed daily for symptoms of illness and the rectal tem perature recorded morning and evening.
Biopsy material from the lymph gland draining the site of infestation by the ticks, hereafter referred to as the local lymph gland, sucked through a wide bore needle attached to a glass syringe, and blood smears were stained with Giemsa stain and examined under a binocular research microscope. Each smear was examined for about ten minutes before declaring it as free of the parasite. Haemo globin (Hb) content of the blood was determined with a Sahli haemometer (Hellige Incorporated, 877 Stewart Avenue, Garden City, N.Y.) and packed cell volume (PCV) by the Wintrobe method (Wintrobe, 1967) .
Carcases were opened as soon as possible after death, naked-eye lesions noted, pieces of the organs harvested and preserved in 10 % formol saline. These were processed, and five to six microns thick sections cut and stained with haematoxylineosin stain.
Observations
In peracute cases of the disease, i.e. when death occurred within eight to ten days of the tick bites or between two to three days of the onset of clinical illness, the animals showed only fever with attendant symptoms and enlargement of the local lymph gland. At this stage, only schizonts could be detected in the lymph gland. No naked-eye lesion was present.
In acute type of the disease, i.e. when death occurred about two weeks after the tick bite or the fifth to seventh day of the clinical illness, fever and the atten dant symptoms, swelling of the local lymph gland, and the appearance of schizonts in the biopsy material of the lymph gland and of the theilerial piroplasms in the red blood corpuscles were observed in that order. No definite macroscopic lesions were present in such cases.
In subacute type of the infection, i.e. when the animal died after about two weeks of illness, all the characteristic symptoms and macroscopic lesions were pre sent. The blood showed piroplasms and schizonts. Cases which had survived three to four weeks of illness developed anaemia and generally recovered within about six to eight weeks.
The symptoms and pathology of the disease described below is the composite picture of the observations extending over three years and included some 200 infec ted animals.
Symptoms
The cardinal sign of theileriosis was the swelling of the local lymph gland. The swelling commenced on the 5th or 6th day of the infection and gradually increased from two to three times in size by about the 8th to 9th day. Meanwhile, other superficial lymph glands became enlarged. Biopsy material of the lymph gland showed large numbers of lymphoblasts parasitised by schizonts from the 7th to 12th day onwards. Macroschizonts were the first to appear. They gradually increa sed in number followed by the appearance of a few extracellular macroschizonts, i.e. bits of cytoplasm enclosing the chromatin particles, and microschizonts. The number of the two types of the schizonts increased progressively till death, or declined to undetectable level in about three weeks in recovered animals. Fever was seen between the 5th and 12th days which concurred with the swelling of the superficial lymph glands. Fever increased markedly after two to three days and kept on fluctuating between 39 and 42 °C. It might persist till death in severe infections, or it might become normal in one to 25 days in the recovered animals. In some animals which were artificially infected with one tick infestation, fever was first observed on the 17th and 31st days in two animals.
Intraerythrocytic piroplasms appeared in the peripheral circulation between the 9th and 20th days of the infection. Number of the infected erythrocytes generally increased up to 20 to 30 % but higher rate of parasitisation was reached in acute cases terminating fatally. In mild cases, the parasitaemia increased up to about 10 to 15 %, persisted for a few days, and decreased to undetectable level in about four to six weeks.
During febrile reaction, the pulse and respiration rates were accelerated, eyelids were swollen, profuse lachrymation occurred and in some cases the eye ball appea red protruding from the socked. Conjunctiva became progressively pale and icteric. Serous nasal discharge occurred which became purulent as the disease progressed. Yellow-coloured loose faeces were sometimes observed. Usually the appetite remai ned normal till a day or two before death, when the animals went off-feed or refused milk. Despite the normal appetite, the animals became progressively weak, became prostrate toward terminal stage of the illness and lapsed into coma till death. Death usually occurred in about two to three weeks or so after the tick infestation. If the animal had survived, recovery took place in four to eight weeks.
Anaemia became pronounced when the illness took prolonged course. Decrease in Hb by 12 to 72 % and in PCV by 17 to 71 % was common. In recovered ani mals, Hb and PCV values returned to normal levels in four to eight weeks.
In no case the authors came across bloody urine, indicating haematuria or haemoglobinuria.
Macroscopic pathology
Head including eyelids showed oedematous swelling. Conjuctiva was pale and petechiated, and in a few cases haemorrhage in the eyeball was seen ( fig. 1 ). Hae morrhagic spots or patches were seen on the skin of ears ( fig. 2) , inside thighs, in axilla and perineal region, and around anus and on caudal fold. Extensive haemor rhages in subcutis were present which, in some cases, were particularly severe in the axial and perineal regions.
Local lymph gland and prescapular, prefemoral, precrural, submaxillary and mediastinal lymph glands were markedly enlarged and oedematous, and showed extensive haemorrhages on the surface and in the parenchyma.
Haemorrhagic spots or splashes were seen over the pleurae, peritoneum, mesen tery and omentum, on serous surface of the stomachs and intenstine ( fig. 3 ) and on the mucous membrane of lips, tongue (fig. 4), gums (fig. 5) , hard palate, surface of lungs which were pale, and on pericardium, endocardium and myocardium.
Numerous haemorrhages turning into punched out ulcers with necrotic centre and haemorrhagic border ( fig. 7) varying in size up to 1.5 cm. in diameter were seen on the mucosa of abomasum. In some cases, the ulcers were also present in small and large intestine ( fig. 8 ) and oesophagus, and on the tongue and gums.
Liver was much enlarged and showed a few haemorrhagic spots on the surface. Sometime, a few whitish pin-head size spots were seen on its surface. Gall bladder was distended with dark olive-green or brownish-green bile. Rarely, a few heamorrhagic spots or patches were seen on the serous surface.
Spleen was much enlarged and showed petechial haemorrhages or large haemor rhagic spots or patches on the surface and in the paranchyma. Kidneys were slightly enlarged and hyperaemic. Rarely, greyish-white pin-head size spots were seen on its surface. Mucous membrane of the urinary bladder was congested and rarely petechiated.
Plate I
Brain was slightly congested. Rarely, a few haemorrhagic spots were observed on the piamater.
Intercostal muscles, sternum and xiphoid cartilage also showed large haemorrha gic spots. In subacute cases, visible mucous membranes were yellow in colour.
Microscopic pathology
Heart showed degeneration of myocardial fibres characterized by loss of cross and/or longitudinal striations, with increased granularity of the sarcoplasm, and diffuse infiltration of intermysial area by a large number of mononuclear cells -lymphocytes and macrophages -which caused atrophy of the surrounding musculature ( fig. 9 ). At places, intermysial oedema or haemorrhage was present.
Lungs showed thickened interalveolar septa with prominent blood vessels and at places haemorrhages in the alveolar spaces.
Kidneys revealed congestion of intertubular vessels and degenerative changes in the lining cells of the tubules. Some of the medullary tubules also revealed red blood cells. Focal areas of infiltration of the interstitial spaces of cortex mostly and of the medulla occasionally by lymphocytes were also present ( fig. 10) .
Liver showed diffuse infiltration of periportal area by a large number of lympho cytes and in some cases catarrh of the sinuses with early degenerative changes.
Ulcers on the mucosa of the abomasum, tongue, etc. extending to the underlined musculature were present.
Sections cut through haemorrhagic spots of the skin revealed focal haemorrhages with parasitised lymphocytes packed in these areas.
Brain showed mild swelling of vascular endothelial cells, areas of perineuronal and perivascular oedema, satellitosis and areas of gliosis and neuronophagia.
Lymph glands showed almost uniform proliferative changes characterized by diffuse hyperplasia of the lymphoid follicles of cortex some of which showed pro minent germinal centres. Occasionally, as a result of the fusion of follicles, the cortex was replaced by a sheet of lymphocytes which often extended into the medul- Fig. 9 . -Section of heart showing degenerative changes in myofibrils, and infiltration of intermysial areas by lymphocytes and marcophages. x 200. lary zone. The Billroth's cords also showed an increase in the number of lympho cytes. The medullary sinuses showed catarrh with large number of macrophages. Some of the lymph glands showed depletive changes characterized by loss of distinc tion between cortex and medulla, infiltration with an eosinophilic amorphous subs tance in the reticular frame work of the white pulp and occasionally in the surroun ding red pulp which has close resemblance to fibrinoid degeneration ( fig. 12) . Spleen showed changes similar to those observed in lymph glands. Acute congestion of red pulp and diffuse hyperplastic changes in the reticular cells forming reticular macrophages were seen. These cells showed erythrocytolysis and erythrophagocytosis with evidence of diffuse haemosiderosis of the pulp. The white pulp was apparently unaffected, though overcrowding of the cells in the red pulp gave an appearance simulating atrophy of the white pulp.
Plate III

Discussion
Symptoms and severity of theileriosis depend upon virulence and pathogenicity of the strain of the causative agent, the quantum of the infection and the suscepti bility status and age of the host. The lesions vary depending upon the severity and duration of the pathological process. As in the present case, the infections produced in laboratory in fully susceptible cattle, by varying doses of the infective inoculum, i.e. by the bite of one to 30 ticks infected with three strains of the parasite, produced widely representative range of symptoms and lesions of the disease. In nature, these conditions vary within wide range so that the resultant picture of the infection varies from mild to severe or peracute form of the disease. The description of symptoms of single natural episodes of T. annulata given by various authors reviewed by Neitz (1957), and Gill and Bhattacharyulu (1976) fall within this range. Some symptoms or lesions have been observed by some authors only, e.g. haemorrhagic spots on skin have been described by Tsur-Tchernomoretz et al. (1960) , and haemoglobinuria by Neitz (1957) and Gautam et al. (1970) .
The reviews which took into account a number of outbreaks presented the total picture of the natural infection. The description of symptoms and macroscopic lesions of the natural disease given by Neitz (1957) tallies with that of the experi mental infections given in this article.
The outstanding characteristic of the pathological process in T. annulata infection is intense hyperplasia of lymphoid cells at the lymphopoietic centres, followed by depletion of lymphocytes at, and disorganization and degeneration of these centres. The accelerated production and reproduction of lymphoid cells coincide with the parasitisation of the lymphocytes by schizonts of T. annulata (unpublished observa tions) and T. parva (Hulliger et al., 1964) . The changes begin at the local lymph gland and later extend to other lymph glands and spleen as the parasitisation progres ses. The regenerative attempt to produce lymphocytes extended to kidney and liver as manifest by lymphocytic infiltration in these organs.
The increased macrophage formation is the protective tissue reaction to deal with the parasite -schizonts. With the progress of the infection, the lymphopoietic propen sity is exhausted as evident from depletion of the lymphoid cells at the germinal centres leading to their regression and degeneration. The above pathological process is essentially the same as observed in T. parva which has been summed up and thoroughly investigated recently by Barnett (1960) which explains similarity in symp toms and lesions of the two diseases (Neitz, 1957) .
